Long-term results of covered stent repair of internal carotid artery dissections  by Assadian, A. et al.
Long-term results of covered stent repair of
internal carotid artery dissections
A. Assadian, MD, C. Senekowitsch, MD, R. Rotter, MD, C. Zölß, MD, J. Strassegger, MD, and G. W.
Hagmüller, MD, Vienna, Austria
Background: Traumatic and spontaneous dissections of internal carotid arteries (ICA) are rare conditions. So far, these
pathologies are primarily treated conservatively, surgical revascularization being an option only after recurrent throm-
boembolic neurologic episodes or continuous aneurysm growth. Successful endovascular treatment strategies with
covered stents have been reported in patients with ICA dissections. However, no long-term results are published so far.
Herein, we report our experience of a combined conventional and endovascular repair of ICA dissections under reversed
flow and their respective long-term results.
Methods: In a prospective evaluation of clinical and morphologic outcome of 6 patients with carotid artery dissections, 2
patients were treated for continuous aneurysm growth and 4 patients for high-grade ICA stenoses with recurrent
thromboembolic episodes during a 6-month follow-up period. A 6-mm polytetrafluoroethylene Hemobahn endopros-
thesis was inserted under reversed flow of the internal carotid artery.
Results: No perioperative strokes were observed; one TIA occurred, lasting less than 3 hours; no peripheral cranial nerve
injuries or deaths were observed. No occlusions, hemodynamically significant stenosis, or recurrent neurologic symptoms
were seen during follow-up, which ranged from 6 to 54 months (mean, 38.3 months).
Conclusion: Open endovascular repair of the ICA of symptomatic patients with dissections with a 6-mm covered
endoprosthesis is a safe alternative to conventional surgery, with excellent long-term patency. (J Vasc Surg 2004;40:
484-7.)Traumatic and spontaneous dissections of internal ca-
rotid arteries (ICA) are rare conditions compared with
atherosclerotic ICA lesions. The incidence of detected dis-
sections is estimated to be 2.5 to 3 per 100 000.1 The
reported annual recurrence rate of thromboembolic epi-
sodes varies from 0.6% to 10.4%.2,3
The distribution of cerebral infarcts in these patients
does suggest that most recurrent events after dissections are
thromboembolic, arising from intimal tears.4,5 Widely used
primary treatment modalities are antiplatelet therapy or
oral anticoagulation.6,7 Additionally, high blood pressure
needs to be treated aggressively if present, as hypertensive
patients do have a significantly increased risk for recurrent
stroke.3
However, prospective randomized controlled trials to
compare antiplatelet and oral anticoagulation are pending.
So far, there is no level I evidence suggesting one therapeu-
tic modality to be superior for dissections with recurrent
symptoms affecting only the minority of patients.3,8
Equally, a combination of these drugs is also not proven to
be more effective than either therapy alone. The majority of
patients have no recurrence of thromboembolic neurologic
episodes on either antiplatelet or oral anticoagulation ther-
apy.
Therefore, only patients under oral anticoagulation or
antiplatelet therapy for recurrent neurologic episodes and
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doi:10.1016/j.jvs.2004.06.031484persistent high-grade stenosis or growing aneurysms are
considered candidates for surgery after at least 6 months of
follow-up.7,9
More recently, successful endovascular treatment strat-
egies with covered stents have been reported in patients
with traumatic and spontaneous ICA lesions.10,11 Yet, no
long-term results have yet been published. The long-term
fate of these patients and their stented arteries is of crucial
importance, especially since ICA dissections do affect pre-
dominantly younger populations.
Herein, we report our experience of a combined con-
ventional and endovascular covered stent repair of ICA
dissections under reversed flow and their respective long-
term results.
PATIENTS AND METHODS
Patient selection. Patients with and without symp-
toms who were referred to our department with carotid
artery dissections were initially screened with duplex sonog-
raphy of the carotid and vertebral arteries accompanied by a
magnetic resonance angiography (MRA). If the findings
were inconclusive, a digital subtraction angiography (DSA)
was performed. In cases of aneurysm formation, a com-
puted tomography (CT) scan was initiated to evaluate
maximum diameter and length as well as the thrombus
layer of the aneurysm. After assessing all patients neurolog-
ically as well as assessing the morphology of the lesions,
antiplatelet therapy was commenced or continued.
The indication for operation was given in patients with
recurrently symptomatic high-grade stenosis measured by
flow velocities and DSA as well as aneurysm formation or
enlargement during a 6-month follow-up period.
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tients and ICAs were revascularized by using a hybrid
open/endovascular technique. These patients with dissec-
tion of the ICA were treated with an intravascular He-
mobahn device. The age ranged from 34 to 78 years (mean,
52.8 years). Four patients were male, 2 female. Three
patients had hemispheric neurologic symptoms, 1 patient
had experienced recurrent episodes of amaurosis fugax, 1
patient had unspecific unilateral headache with a growing
aneurysm, and 1 presented with a peripheral Horner’s
syndrome due to aneurysmal compression.
The dissections of all patients with recurrent neurologic
symptoms occurred 6 to 8 weeks (mean, 6.5 weeks) prior to
referral to our department. One patient had no trauma
history; 4 patients had a trauma causing ICA dissection.
The patient with unspecific headache with aneurysm
growth was not entirely certain about the onset of the
symptoms. He reported a bicycle accident, after which the
symptoms commenced. This incident was 4 months prior
to presentation to our department. The aneurysms mea-
sured 2.1  2.8 cm and 2.7  3.6 cm. The length of the
stenosed segments ranged from 1.9 cm to 3.7 cm (mean,
2.9 cm). Of the dissections with stenotic lesions, 2 patients
had a persisting false lumen, and 2 patients had a recana-
lized true lumen with fresh thrombi adherent.
The time from onset of symptoms until surgery ranged
from 8 months to 11 months (mean, 9.25 months). Pa-
tients, perioperative course, and follow-up are listed in
Table I.
Operative procedure. Preoperatively, all patients had
a DSA of the extracranial and intracranial ICA. The maxi-
mum length and width of the lesions and the estimated
landing zones of the graft within the ICA were measured.
The covered stent that was used was suitable for all patients
and lesions.
After a transverse skin incision of the neck, the CCA,
external carotid artery (ECA), and ICA were dissected free
with minimal manipulation. Before clamping and manipu-
lating the CCA and ECA, 5000 IUs of heparin were given
intravenously. Subsequently, the blood flow was inter-
rupted by clamping of the CCA and ECA to prevent
intraprocedural cerebral embolism during insertion of the
device. After transverse arteriotomy, a 7F introducer sheath
was inserted into an unaffected portion of the CCA. Under
fluoroscopy, a guidewire (Viva Primo 3.75, Boston Scien-
Table I. Patient characteristics
Patient Pathology Age Gender Prese
1 Stenosis 80% 49 Male Recurrent h
2 Stenosis 80% 43 Female Recurent a
3 ICA aneurysm 49 Female Hemipares
4 Stenosis 80% 34 Male Hemipares
5 ICA aneurysm 78 Male Unspecific
6 Stenosis 80%I 64 Male Recurrent a
ICA, Internal carotid artery; TIA, transient ischemic attack.tific) was inserted and advanced through the pathologically
altered ICA up to the siphon of the ICA. A 5-cm  6-mm
polytetrafluoroethylene (PTFE) Hemobahn (W. L. Gore,
Flagstaff, Ariz) endoprosthesis was introduced and de-
ployed into the ICA, overlapping the diseased portion of
the ICA. Subsequently, a 6-mm dilatation balloon was
inserted and the graft was moulded to the ICA; then blood
was drawn from the side port of the introducer in order to
aspirate intravascular debris. At the end of the procedure, a
DSA with the guidewire in place was performed. Before the
7F introducer system was removed, it was flushed retro-
gradely. Finally, the vascular clamps of the CCA and ECA
were removed and the arteriotomy of the CCA was closed
with interrupted 6-0 Premilene sutures (B. Braun Surgical
GmbH D-34209, Melsungen, Germany) without further
clamping of the CCA, ICA, or ECA (Fig 1).
Perioperative results. All patients were operated on
in deep intubation anesthesia. One patient suffered from
perioperative neurologic deficit lasting 3hours. After extu-
bation, weakness of the upper extremity corresponding
with the operated ICA was noted. Duplex revealed an
ideally patent prosthesis. The patient fully recovered after 3
hours without showing any CT changes. This patient had
the highest clamping time of the CCA—29 minutes—
compared with the 5 patients without central neurologic
changes. Thus, the overall transient perioperative central
neurologic deficit rate was 16% (n  1).
No peripheral cranial nerve injuries, strokes, or deaths
were observed. The clamping time of the CCA ranged from
9 to 29 minutes (mean, 14.3 minutes).
Follow-up. Patients were followed up at 1, 3, 6, and
12 months postoperatively. Thereafter, routine follow-up
with neurologic evaluation and duplex sonography was
performed once every 12 months. The follow-up ranged
from 6 to 54 months (mean, 38.3 months). One patient
was lost to follow-up 6 months postoperatively after he left
the country. One patient died 3 years postoperatively of
pneumonia. No thromboembolic neurologic events, graft
occlusions, or hemodynamically significant stenosis were
seen during the observation period (Table II).
DISCUSSION
Traumatic or spontaneous dissections are, even 5 de-
cades after the first carotid artery revascularization for ath-
symptoms
Perioperative
morbidity
Clamping
time (min)
Follow-up
(mo)
aresis (TIA) TIA 29 42
osis fugax None 12 45
rner syndrome None 14 54
None 11 6
teral headache None 9 35
ia None 11 48nting
emip
maur
is, Ho
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unila
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surgery. Carotid artery dissections affect predominantly
younger adults and are the cause of ischemic stroke in in up
to 22% of patients under 30 years of age.11 So far, primary
treatment of acute carotid dissection is nonsurgical, with
antiplatelet or anticoagulant agents. Spontaneous recanali-
zation of the ICA is described in 47% to 85% of the
cases.12,13 Intervention is considered indicated if the fol-
low-up angiography (MRA and duplex sonography or
Fig 1. A, Preoperative DSA of a dissection of the intern
carotid and external carotid arteries clamped. C, Compl
Fig 2. Computed tomography scan of internal carotid artery
aneurysm with thrombus layer. Arrow indicates ICA.DSA) displays a complication caused by the dissection.
Surgical management is indicated with stenosis 80% or
aneurysm formation.7,9 Operative treatment options are
either resection of the affected artery and saphenous vein-
graft replacement14-17 or thrombendarterectomy. In cases
of lesions exceeding the extracranial ICA, ligation of the
artery is reported as safe if the stump pressure is above 70
mm Hg.18,19 However, operative morbidity is high. Peri-
operative stroke rates of 10%, peripheral cranial nerve injury
rates of 58%, and mortality rates of 2% in surgically man-
aged patients are reported.7
Due to the unfavorable results of surgery, endovascular
strategies for treating non-atherosclerotic ICA lesions in
patients with recurrent symptoms are increasingly ap-
plied.10,11,20 In our series, we chose a hybrid technique to
implant a covered stent into the diseased portion of the
otid artery. B, Intraoperative angiography with common
angiography with guide wire in place.
Table II. Flow velocities of CCAs and within the graft
Patient
Flow velocities
CCA Graft
1 70 cm/s 80 cm/s
2 60 cm/s 60 cm/s
3 60 cm/s 60 cm/s
4 70 cm/s 60 cm/s
5 60 cm/s 55 cm/s
6 50 cm/s 55 cm/s
CCA, Common carotid artery.al car
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be an ideal therapeutic option. Dissections usually occur in
the transition zone of the ICA, where the elastic type of the
artery changes into the muscular type.21,22 This is is usually
a few centimeters distal to the carotid bulb. Therefore, a
cylindrically shaped graft can be used in a portion of the
ICA that usually has little or no caliber changes. All our
patients could be treated safely with good anatomical and
clinical long-term results.
A carotid approach was chosen for 3 reasons. First, the
device had to be implanted with a retrograde flow of the
ICA in order to avoid periprocedural embolization. This
strategy is especially important since most aneurysms and
also stenotic lesions in patient’s dissections do have a
thrombus layer despite antiplatelet therapy (Fig 2).7 At the
time of treating our first patients, we did not have access to
a Parodi balloon-occluding sheath or similar devices. Sec-
ond, microcatheterization of the true lumen in dissections
from the femoral approach is technically demanding. By
accessing a healthy portion of the CCA, technical success is
easily achievable. Finally, the working length of the He-
mobahn stent graft was not long enough to reach the distal
extracranial ICA safely. We do believe this strategy to be the
safest approach until technical shortcomings have com-
pletely been solved.
One patient suffered from an intraoperative neurologic
deficit affecting the upper extremity corresponding to the
operated carotid artery. The symptoms only lasted few
hours, and the patient did not have any CT changes. This
patient had the longest clamping time of 29 minutes and
repeated intraoperative angiographies and guide-wire ma-
nipulations. Both circumstances may cause neurologic def-
icits by different mechanisms. Repeated guide-wire manip-
ulation and angiography may cause embolization;
prolonged CCA clamping and flow reversal may cause
cerebral hypoperfusion and hence neurologic deficits. It has
been reported that up to 10% of patients do not tolerate
flow reversal.23
The mean follow-up of our patients was 38.3 months,
with a maximum observation period of 54 months. All
patients but 1 received postoperatively only acetylsalicylic
acid. One patient received a vitamin K antagonist and
acetylsalicylic acid due to multiple pulmonary embolisms in
the past. During follow-up, no occlusions or hemodynam-
ically significant stenoses were observed. This favorable
result is possibly due to the nonatherosclerotic etiology of
the ICA pathology and its location at the transition zone,
distal to the carotid bulb.
CONCLUSION
Our series of 6 patients and 6 operated ICAs with an
open endovascular procedure with a covered stent does
demonstrate an alternative to open surgery and percutane-
ous endovascular intervention for ICA dissections. It is
especially an alternative in those patients whose vascular
pathologies are exceeding the extracranial course of the
ICA or have a difficult femoral access. No occlusions or
stenoses were seen during follow-up. After a 30-day follow-up, no patient had any signs of central neurologic deficit
induced by the procedure.
REFERENCES
1. Schievink WI. Spontaneous dissection of the carotid and vertebral
arteries. N Engl J Med 2001;344:898-906.
2. Kremer C, Mosso M, Georgiadis D, Stockli E, Benninger D, Arnold M,
Baumgartner RW. Carotid dissection with permanent and transient
occlusion or severe stenosis. Neurology 2003;60:271-5.
3. Beletsky V, Nadareishvili Z, Lynch J, Shuaib A, Woolfenden A, Norris
JW, for the Canadian Stroke Consortium. Cervical arterial dissection:
time for a therapeutic trial? Stroke 2003;34:2856-60.
4. Schievnik WI. The treatment of spontaneous carotid and vertebral
artery dissections. Curr Opin Cardiol 2000;15:316-21.
5. Lucas C, Moulin T, Deplanaque D, Tatu L, Chavot D, for the Donal
investigators. Stroke patterns of internal carotid and vertebral artery
dissection in 40 patients. Stroke 1998;29:2646-8.
6. Engelter ST, Lyrer PA, Kirsch EC, Steck AJ. Long-term follow up after
extracranial internal carotid artery dissection. Eur Neurol 2000;44:199-
204.
7. Müller BT, Luther B, Waldemar H, Neumann-Haefelin T, Aulich A,
Sandmann W. Surgical treatment of 50 carotid dissections: indications
and results. J Vasc Surg 2000;31:980-8.
8. Lyrer P, Engelter S. Antithrombotic drugs for carotid artery dissection
(Cochrane review). Cochrane Database Syst Rev 2003;3:CD000255.
9. National Institute of Neurological Disorders and Stroke. Carotid end-
arterectomy for asymptomatic internal carotid artery stenosis. J Neurol
Sci 1995;129:76-7.
10. Cohen J, Leker RR, Gotkine M, Gomori M, Ben-Hur T. Emergent stenting
to treat patients with carotid artery dissection. Stroke 2003;34:254-7.
11. Tseng A, Ramaiah V, Rodrigez-Lopez JA, Perkowshi PE, Del Santo PB,
Gowda RG, et al. Emergent endovascular treatment of a spontaneous
internal carotid artery dissection with pseudoaneurysm. J Endovasc
Ther 2003;10:643-6.
12. Mokri B, Sundt TM, Houser OW, Piepgras DG. Spontaneous dissec-
tion of the cervical internal carotid artery. Ann Neurol 1986;19:126-38.
13. Pozzati E, Giuliani G, Acciari N, Nuzzo G. Long-term follow up of
occlusive cervical carotid dissection. Stroke 1990;21:528-31.
14. Fisher DF Jr, Clagett GP, Parker JI, Fry RE, Poor MR, Finn RA, et al.
Mandibular subluxation for high carotid exposure. J Vasc Surg 1984;
1:727-33.
15. Sandmann W Aulich A Edelmann M. Internal carotid artery aneurysm
of its terminal extracranial portion [German]. Arch Otolaryngol 1982;
234:285-91
16. Sandmann W, Hennerici M, Aulich A, Kniemeyer H, Kremer HW.
Progress in carotid artery surgery at the base of the skull. J Vasc Surg
1984;1:734-43.
17. Sandmann W. Surgery of the cervical vascular system. In: Panje WR,
Heberhold C, editors. Head and neck surgery, Vol 3. 2nd ed. Stuttgart
(Germany): Georg Thieme Verlag; 1998. p. 51-67.
18. Ehrenfeld WK, Stoney RJ, Wylie EJ. Relation of carotid stump pressure
to safety of carotid artery ligation. Surgery 1983;93:299-305.
19. Schievink WI, Piepgras DG, McCaffrey TV, Mokri B. Surgical treat-
ment of extracranial internal carotid artery dissecting aneurysms. Neu-
rosurgery 1994;35:809-16.
20. Powell RJ, Rzucidlo EM, Schermerhorn ML. Stent-graft treatment of a large
internal carotid artery vein graft aneurysm. J Vasc Surg 2003;37:1310-3.
21. Bürrig KF Solms A. Media structure, media thickness and pressure-
dependent compliance of human carotid sinus. An investigation regard-
ing influence of local factors on development of sclerotic plaques
[German]. Pathologe 1992;13:135-40
22. Bürrig KF, Hort W. Pathogenesis of carotid atherosclerosis. In: Hen-
nerici M, Sitzer G, Weger HD, editors. Carotid artery plaques. Basel
(Switzerland):Karger; 1988. p. 101-4.
23. Adami CA, Suro A, Spinamano L, Galvagni E, Antoniucci D, Ferello
GA, et al. Use of Parodi anti-embolism in carotid stenting: Italian trial
results. J Endovasc Thjer 2002;9:147-54.
Submitted May 12, 2004; accepted Jun 29, 2004.
